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(57)Abstract: 

PURPOSE: To obtain the signal converter for the photo sensor array in which a 
quantization signal proportional to light is obtained by using a clock whose period 
is almost constant and the quantization signal with high S/N is obtained without 
dispersion in a dark current component by making an integration time of each 
picture signal constant. 

CONSTITUTION: A threshold level detection inverter 13 between its input and 
output a switching element 14 is connected connects to an amplifier type 
photoelectric conversion element 10 having a function of latching a voltage after 
the end of integration via a capacitive element 1 1a variable voltage generating 
circuit 51 is connected to the input of the inverter 13 via a capacitive element 
12and an output of the inverter 13 is outputted via a NOR circuit 16. After 
integration for a prescribed time after resetting of the photoelectric conversion 



element 10a voltage VO of the variable voltage generating circuit 51 is 
decreased linearly with respect to time to obtain a pulse whose time width is 
obtained till an output of the inverter 13 is inverted and quantization is applied to 
the pulse width to obtain a quantization signal. 



CLAIMS 



[Claim(s)] 

[Claim 1]Signal conversion equipment of an optical sensor array characterized by 
comprising the following. 

An amplified type photoelectric conversion pixel which has the function to 
generate a voltage output corresponding to light which enteredand to hold 
voltage at the time of an end of integration. 

A threshold detector circuit forjudging output voltage of this amplified type 
photoelectric conversion pixel. 

The 1st switching element connected between input and output of this threshold 
detector circuit. 

The 1st capacitative element connected between an amplified type solid state 
image pickup device output and an input of a threshold detector circuitAn end 
constitutes a unit cell from the 2nd capacitative element connected to an input of 
a threshold detector circuitArrange two or more these unit cellsand output voltage 
for superimposing offset voltage connects the other end of said 2nd capacitative 
element common to an output of a variable voltage generation circuit in which 
variable is possibleand constitutes an optical sensor arrayA means which makes 
the 1st switching element switch-on at the time of reset of an amplified type 
photoelectric conversion pixel and to which a variable voltage generation circuit 
is made to output a reset action as the 1st voltageA means to cancel reset of an 
amplified type photoelectric conversion pixel for an output of a reset action 
backward variable voltage generation circuit with the 1st voltageand to start 
integration by making the 1st switching element into non-switch-onand to make 



fixed time integration perform according to a luminosity of a photographic 
subjectA means to generate a quantized signal corresponding to time where 
voltage at the time of an end of integration is held the whole pixeluntil it increases 
or decreases an output of a variable voltage generation circuit continuously from 
the 1st voltage and an output of a threshold detector circuit is reversed from the 
time. 

[Claim 2]Signal conversion equipment of the optical sensor array according to 
claim 1 characterized by using an inverter circuit as said threshold detector circuit. 
[Claim 3]Signal conversion equipment of the optical sensor array according to 
claim 1 wherein a right side input uses a differential amplifier connected to 
reference voltage as said threshold detector circuit. 

[Claim 4]Signal conversion equipment of an optical sensor array characterized by 
comprising the following. 

An amplified type photoelectric conversion pixel which has the function to 

generate a voltage output corresponding to light which enteredand to hold 

voltage at the time of an end of integration. 

A differential amplifier forjudging output voltage of this pixel. 

The 1st switching element connected between a negative side input of this 

differential amplifierand an output. 

A unit cell is constituted from the 1st capacitative element connected between an 
amplified type photoelectric conversion pixel output and a negative side input of a 
differential amplifierArrange two or more these unit cellsand output voltage 
connects to a right side input of said differential amplifier in common an output of 
a variable voltage generation circuit in which variable is possibleand an optical 
sensor array is constitutedA means which makes the 1st switching element 
switch-on at the time of reset of an amplified type photoelectric conversion pixel 
and to which a variable voltage generation circuit is made to output a reset action 
as the 1st voltageA means to cancel reset of an amplified type photoelectric 
conversion pixel for an output of a reset action backward variable voltage 



generation circuit with the 1st voltageand to start integration by making the 1st 
switching element into non-switch-onand to make fixed time integration perform 
according to a luminosity of a photographic subjectA means to generate a 
quantized signal corresponding to time where voltage at the time of an end of 
integration is held the whole pixeluntil it increases or decreases an output of a 
variable voltage generation circuit continuously from the 1st voltage and an 
output of a differential amplifier is reversed from the time. 

[Claim 5]A capacitative element by which one end was connected to a reference 
voltage source in said variable voltage generation circuitand the other end was 
connected to a current sourcelt comprises a buffer connected to a node between 
a switching element which connects both ends of this capacitative elementand 
said current source and a capacitative elementSignal conversion equipment of 
an optical sensor array given in any 1 paragraph of claims 1-4 making said 
switching element into an OFF state when making said switching element into an 
ON state when outputting the 1st voltageand making it change continuously. 
[Claim 6]Said quantized signal generating means counts the number of reference 
clocks during time until an output of a threshold detector circuit is reversed from 
time to which it began to change an output of a variable voltage generation 
circuitSignal conversion equipment of an optical sensor array given in any 1 
paragraph of claims 1-5 constituting so that a signal corresponding to the number 
of the reference clocks may be outputted. 

[Claim 7]Establish a monitor means which detects an output at the time of an end 
of integration of an amplified type photoelectric conversion pixel of said optical 
sensor arrayand when a monitor level of this monitor means is 
largenamelyholding voltage is largeSignal conversion equipment of the optical 
sensor array according to claim 6 controlling so that a monitor level makes small 
the number of reference clocks per unit time fewwhen the number of reference 
clocks per unit time is increasedand holding voltage is small. 
[Claim 8]Establish a monitor means which detects an output at the time of an end 



of integration of an amplified type photoelectric conversion pixel of said optical 
sensor arrayand when a monitor level of this monitor means is 
largenamelyholding voltage is largeEnlarge a rate of change of output voltage of 
said variable voltage generation circuitand small [ a monitor level ]when holding 
voltage is smallSignal conversion equipment of an optical sensor array given in 
any 1 paragraph of claims 1-4 controlling to make small a rate of change of 
output voltage of said variable voltage generation circuit. 
[Claim 9]A capacitative element by which one end was connected to a reference 
voltage source in said variable voltage generation circuitand the other end was 
connected to two or more current sources via direct or a switching elementlt 
comprises a buffer connected to a node between the 1st switching element that 
connects both ends of this capacitative elementand said current source and a 
capacitative elementSignal conversion equipment of the optical sensor array 
according to claim 8 constituting so that a rate of change of output voltage may 
be changed by switching a switching element connected to said current source. 
[Claim 10]On said optical sensor arrayprovide at least one light shielding picture 
element for obtaining a protection-from-light outputand said quantized signal 
generation circuitSignal conversion equipment of an optical sensor array given in 
any 1 paragraph of claims 1-4 constituting so that a quantized signal 
corresponding to time until an output of a threshold detector circuit of each light- 
receiving pixel is reversed from time which an output of a threshold detector 
circuit of said light shielding picture element reversed may be generated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In the optical sensor array which consists of two or more 
unit cells which have an amplified type photoelectric conversion pixelthis 



invention relates to the signal conversion equipment of the optical sensor array it 
was made to output the signal corresponding to the light volume which entered 
into each pixel as a digital signal. 
[0002] 

[Description of the Prior Art]Although the one-dimensional line sensor is 
conventionally used for the auto-focusing (AF) of the camerathe digital disposal 
circuit which changes the signal output of this line sensor into digital dataand 
outputs it is indicated in JP58-179068AJP64-6509Betc. The basic principle of 
these digital disposal circuits by establishing the threshold detector circuit 
reversed when the voltage by the photoelectrical load by which it was generated 
with the photo-diode becomes a certain reference voltage in each pixelAfter 
making a lightwave signal into the signal of the pulse width corresponding to the 
size of this signala quantized signal is outputted according to the time which 
reached threshold voltage. 

[0003]The basic constitution of the pixel for explaining the digital disposal circuit 
of the conventional line sensor is shown in drawing 16and the timing chart for the 
explanation of operation is shown in drawing 17. In drawing 16the nMOS 
transistor for reset for the capacity for accumulating the electric charge which 
generated 101 with the photo-diode and generated 102 with the photo-diode 
101 and 103 to give initial potential to the capacity 102and 104 are the inverters 
for detecting a threshold. In drawing 17 in which change of the potential of each 
part of this pixel is shownPS [ in / for the voltage from which v / in / for the gate 
voltage of the nMOS transistor 103 / in RP in (a) / (b) / changesthe voltagei.e.the 
photoelectrical loadof the capacity 102/ (c) ] shows the output voltage of the 
inverter 104. 

[0004]ln the pixel of such compositionif gate voltage RP is used as "H" level at 
the time of a photoelectrical integration startthe nMOS transistor 103 will be in an 
ON stateandas for the capacity 102Klang Delay Belle's initial voltage will be 
given. At this timeinverter-output-voltage PS shows "H" level. Nextby using gate 
voltage RP as the "L" levelthe electron hole generated when light entered into the 



photo-diode 101 is accumulated in the capacity 102and the voltage v of the 
capacity 102 rises. Inclination will become gently-sloping if that inclination is large 
when incident light quantity is large at this timeand incident light quantity is small. 
Thenif the voltage v of the capacity 102 reaches the threshold voltage of the 
inverter 104inverter-output-voltage PS will switch to ""L" level from H". It will 
become long if dark [ when incident light quantity is large at this timetime until it 
reaches threshold voltage is shortwhen incident light quantity is conversely 
smalltime is long and pulse width W of inverter-output-voltage PS is bright for this 
reason it is shortand ]. The quantized signal according to that pulse width can be 
acquired by counting time until this inverter output pulse switches from H" to ""L" 
level using a clock. 

[0005]When capacity value C t of the storage capacitance 102 in drawing 16 and 
photoelectric current are made into Ipif reset time tw until it reaches threshold 
voltage V™ of the inverter 104 is calculatedit will become like a following formula 

(1). 

tw=V T H and Ct/lp (1) 

[0006]Thereforewhen it counts with the clock of periodic regularityunless it takes 
the reciprocal of the counted valueit does not become a value proportional to a 
luminosity. Thenmeans to change the cycle of the clock to count with time are 
taken. 

[0007]Nextthis means is explained. Change of the output voltage v to the reset 
time of four pixel ** from which a luminosity differs****and ** is shown in drawing 
18. Pixel ** uses the brightest pixeli.e.a pixel with shortest reset time twamong a 
sensor array. The pixel of 1/2 of the luminosity1/4and 1/8 is shown as ****and ** 
to it. What is necessary is just to perform it as followsin order to give 64 to 128 
and pixel ** and to give 32 to 256 and pixel ** at pixel ** at the quantized value 
which is proportional to a luminosity at this pixelfor examplepixel **. 
[0008]What is necessary is to give 256 firstto a counter as a value of a 
counterwhen the inverter output of pixel ** is reversedand just to lower the value 
of the counter according to the number of clocks after that. Since it does not 



become data proportional to a luminosity with the clock of periodic regularity 
thenAs shown in a figurewhen time until each output voltage of each pixel 
******and ** reaches threshold Vth is made into tit2t3and Ult is 128 from ti to t2. 
So that the clock of an individual may be outputted64 clocks may be outputted 
between t2 and h and 32 clocks may be outputted between U from taBy 
lengthening the cycle of a clock with time progressthe data of 32 is given to pixel 
** to 64 and pixel ** at 256 and pixel ** at 128 and pixel **. The cycle of this clock 
is determined corresponding to the time which for the output voltage of pixel ** to 
have exceeded threshold voltage V™and was taken for an inverter output to be 
reversed. 
[0009] 

[Problem(s) to be Solved by the lnvention]By the waythe two following problems 
are among the AID conversion methods which quantize the above-mentioned 
pixel output. The 1st point is that the circuit which generates a clock becomes 
complicated and circuit structure increases in order to have to lengthen the cycle 
of the clock inputted into a counter for giving the quantized signal proportional to 
light corresponding to progress of time. Since the 2nd point differs [ the above- 
mentioned AID conversion method ] in reset time by a pixeleven if it differs in the 
dark current component contained in each quantized signal and its dark current 
which is each pixel correspondsit is that S/N of the signal which the dark current 
component in the quantized signal showed dispersionand was quantized as a 
result deteriorates. 

[0010]This invention is what was made in order to cancel the above-mentioned 
problem in the signal conversion equipment of the conventional optical sensor 
arraylt aims at acquiring the quantized signal which is proportional to light with 
the clock of periodic regularityand providing the signal conversion equipment of 
an optical sensor array with which the quantized signal of high S/N which fixes 
reset time of each pixel and does not have dark current component dispersion 
was acquired. 
[0011] 



[Means for Solving the Problem and its FunctionJAn amplified type photoelectric 
conversion pixel which has the function for this invention to generate a voltage 
output corresponding to light which enteredand to hold voltage at the time of an 
end of integration in order to solve the above-mentioned problemA threshold 
detector circuit forjudging output voltage of this amplified type photoelectric 
conversion pixelThe 1st switching element connected between input and output 
of this threshold detector circuitThe 1st capacitative element connected between 
an amplified type solid state image pickup device output and an input of a 
threshold detector circuitAn end constitutes a unit cell from the 2nd capacitative 
element connected to an input of a threshold detector circuitArrange two or more 
these unit cellsand output voltage for superimposing offset voltage connects the 
other end of said 2nd capacitative element common to an output of a variable 
voltage generation circuit in which variable is possibleand constitutes an optical 
sensor arrayA means which makes the 1st switching element switch-on at the 
time of reset of an amplified type photoelectric conversion pixel and to which a 
variable voltage generation circuit is made to output a reset action as the 1st 
voltageWhere the whole pixel is helda means to cancel reset of an amplified type 
photoelectric conversion pixel for an output of a variable voltage generation 
circuit after a reset action with the 1st voltageand to start integration by making 
the 1st switching element into non-switch-onand to make fixed time integration 
perform according to a luminosity of a photographic subjectand voltage at the 
time of an end of integrationAn output of a variable voltage generation circuit is 
continuously increased or decreased from the 1st voltagea means to generate a 
quantized signal corresponding to time until an output of a threshold detector 
circuit is reversed from the time is formedand signal conversion equipment of an 
optical sensor array is constituted. 

[0012]ln signal conversion equipment constituted in this wayAt the time of reset 
of an amplified type photoelectric conversion pixelmake the 1st switching 
element into switch-onand a variable voltage generation circuit is outputted for a 
reset action as the 1st voltageCancel reset of a pixel for an output of a variable 



voltage generation circuit after that with the 1st voltageand integration is started 
by making the 1st switching element into non-switch-onAfter performing fixed 
time integration according to a luminosity of a photographic subjectwhere voltage 
at the time of an end of integration is held the whole pixelan output of a variable 
voltage generation circuit is continuously increased or decreased from the 1st 
voltageand a quantized signal corresponding to time until an output of a 
threshold detector circuit is reversed from the time is generated. By thisreset time 
of each pixel is in agreementand an output of a variable voltage generation circuit 
of each pixel is continuously increased or decreased from the 1st voltageSince 
time until an output of a threshold detector circuit is reversed from the time is 
proportional to voltage on which it was held at the time of an end of 
integrationwhen it counted and quantizes with a clock of periodic regularitythe 
quantized value turns into a value proportional to light volume. 
[0013] 

[Example]Nextan example is described. Drawing 1 is a circuitry figure showing 
the composition of the principal part of the fundamental example of the signal 
conversion equipment of the optical sensor array concerning this invention. In a 
figurelO shows the example of composition of the amplified type photoelectric 
conversion pixel holding the voltage at the time of the end of integrationl a 
photo-diode and 3 by one of the storage capacitance The parasitic capacitance 
of a photo-diodeHold capacity and 2 are amplifiers the nMOS switching element 
driven by sample-hold-pulses phisH for the nMOS switching element driven by 
reset pulse phiR for 4 to perform a reset action and 6 to hold the voltage at the 
time of the end of integrationand 7. And the output of the amplified type 
photoelectric conversion pixel 10 is connected to the input of the inverter 13 
which operates as a threshold detector circuit via the capacitative element 1 1 in 
series. Between input and output of this inverter 13the switching element 14 
driven by reset pulse phiR is connected. The output of the variable voltage 
generation circuit 51 is connected to the input of this inverter 13 via the 
capacitative element 12. The output of the inverter 13 is connected to one input 



of 2 input NOR circuit 16and sample-hold-pulses phisH is connected to the input 
of another side of NOR circuit 16. 

[0014]Nextexplanation of operation is given based on drawing 2 in which change 
of voltage Vs in each node of the fundamental example shown in drawing 
1VoV N PS1and PS2 is shown. The whole operation is divided into 3 operations of 
a reset action (period To)an integral action (period Ti)and A/D conversion 
operation (period T2). A reset pulse phiR="H" level and a sample-hold-pulses 
phisH="H" level perform at the time of a reset action. Pixel output Vs at this time 
serves as voltage corresponding to reset voltage Vr' of the photo-diode land 
makes that voltage Vr. Voltage of output Vo of the variable voltage generation 
circuit 51 is made into V1. When threshold voltage of the inverter 13 was made 
into Vth and between input and output is connected by the switching element 
14the input-and-output voltage serves as Vth. Thereforethe voltage of each node 
of reset operation period To becomes like a following formula (1). 
Vs=VrVo=ViV n =Vth (1) 

[0015]ln integral action period Tireset pulse phiR serves as ""L" level from H"and 
an integral action is performed. It is considered as Ct=Cd+CsH by making capacity 
value of capacity value Cd of the photo-diode parasitic capacitance 3and the 
sample hold capacity 7 into Csh. If the voltage amplification rate of the amplifier 2 
is set to 1 pixel output Vs will go up by lp and WCt. Ip is photoelectric current and 
tnt is reset time here. In the capacity value of the capacitative element 11 if 
capacity value of C1 and the capacitative element 12 is made into C2each node 
voltage in integral action period T1 will serve as a following formula (2). 
Vs=V R +lpandtint/CtVo=ViVN=V T H+ {Ci/(Ci+C 2 )} - {Ip and WCt} 
(2) 

[0016]After carrying out fixed time integrationphisH is used as ""L" level from 
H"and integration is ended. Therebypixel output voltage Vs is held at the voltage 
at the time of phisH changing to ""L" level from H". 
[0017]Thenit goes into A/D conversion operation period T2. As this A/D 
conversion operation is shown in drawing 2v oltage Vo of the variable voltage 



generation circuit 51 which was fixed voltage till thenlt is linearly made small to 
time and the pulse of time width until the output of the inverter 13 is reversed is 
acquiredit quantizes to the pulse width and a quantized value is acquired. Hereif 
phisH serves as ""L" level from H"it is being begun to decrease variable voltage at 
the time. Voltage percentage reduction of the variable voltage generation circuit 
51 is made into -kv (v/sec)and if time which passed from the time which 
decreased voltage is set to tthe voltage of each node will serve as a following 
formula (3). 

V - s =Vr+Ip and WCt+[ Vo=Vi-k v and t Vn=Vth] {Ci/(Ci+C 2 )} - {lp and WCt} 

- {C 2 /(Ci+C 2 )} -kvandt— (3) 

[0018]From this formula (3)time tw from the voltage reduction start time of the 
variable voltage generation circuit 51 to inverter output reversal is calculated. 
Since it is VN=VTHthe voltage which the output of the inverter 13 reverses is 
{Ci/(Ci+C 2 )}-{Ip and WCt}. 

- {C 2 /(Ci+C 2 )} -kv and t w =0 — - {l P and WCt}(4) ' {Ci/(C 2 and kv)}i.e.t w = (4) 

[0019]Since tintCtkvCiand C 2 are the same in all the pixels as shown in the 
above-mentioned (4) formulat**W** is proportional to Ip and proportionalityi.e.twis 
proportional to a luminosity. Thereforethe quantized value acquired by detecting 
pulse width with the clock of periodic regularity of pulse output PS2 with this 
pulse width tw turns into a value proportional to a luminosity. 

[0020]Nexta concrete example including the circuit which performs an AID 
conversion is described based on drawing 3 . This example is a thing using 
grounded source type AMI (Amplified MOS Imager) which has a sample hold 
function as the amplified type photoelectric conversion pixel 10and this pixel 10 is 
provided with the photo-diode 1 and the nMOS transistor 2 for amplification. 
This nMOS transistor 2 grounds saucethe end of said photo-diode 1 is connected 
to a gatethe pMOS transistor 5 which operates as active load is connected to a 
drainand it has become a grounded source type amplifying circuit. 
And the feedback capacity 3 and the nMOS transistor 4 for reset are connected 
between the gate drains of said nMOS transistor 2 for amplificationand this circuit 



accumulates the electric charge generated with the photo-diode 1 in the 
feedback capacity 3and outputs that electric charge as the drain change of 
potential. The nMOS switching element 6 and hold capacity which carry out 
sample hold of the drain voltage of the nMOS transistor 2 for amplification to the 
basic constitution of this AMIThe pMOS transistor 8 of the source follower form of 
operating as a bufferand the pMOS transistor 9 which works as active load are 
addedand the unit pixel is constituted. 

[0021 [The inverter 13 which operates as a threshold detector circuit which 
connected the switching element 14 between input and output was formed to the 
amplified type photoelectric conversion pixel 10 which has this sample hold 
functionand the capacitative element 1 1 is connected in series between that input 
and the output of the amplified type photoelectric conversion pixel 10. The output 
of the variable voltage generation circuit 51 is impressed to the input of this 
inverter 13 via the capacitative element 12 at the output and parallel of the 
amplified type photoelectric conversion pixel 10. And the latch circuitry 15 which 
latches the data of the counter 52 is formed in response to the output of this 
inverter 13 at the time of output reversal of the inverter 13. Said counter 52 
counts clock phicK generated from the clock generation circuit 53. And said pixel 
10the capacitative elements 1 1 and 12the inverter 13 for threshold detectionthe 
switching element 14and the latch circuitry 15 are formed by a pixel numberand 
the output of the variable voltage generation circuit 51 and the output of the 
counter 52 are connected in common to each pixel. 

[0022]Nextoperation of the example constituted in this way is explained based on 
the timing chart of drawing 4 . Operation of this example as well as [ completely ] 
the fundamental example shown in drawing 1 is divided into reset operation 
period Tointegral action period Tiand A/D conversion operation period T2. And in 
A/D conversion operationin the example shown in drawing 1 . A/D conversion 
operation to carrying out from the time of sample-hold-pulses phisH serving as 
""L" level from H" in this example. A/D conversion operation is started from the 
time of providing pulse phisT which defines A/D conversion start timingand pulse 



phisT serving as ""L" level from H".Operation of the analog signal system in reset 
operation period To other than this A/D conversion operation and integral action 
period Ti is completely the same as the operation shown in drawing 2 . 
[0023]Thereforethe A/D conversion operation changed into a digital signal here is 
explained. The operation of a digital signal system of reset operation period To 
and integral action period Ti is waiting by "H" level of pulse phisT. 
As for the output of the counter 52the initial value is held. 
In A/D conversion operation period T 2 if pulse phisT is set to ""L" level from 
H"Operation of a digital signal system startsthe clock phicK of periodic regularity 
operatesthe counter 52 counts the standup of the clock phic«and the counter 
output increases at the same time output voltage Vo of the variable voltage 
generation circuit 51 starts a fall. At the time which became Vn=Vth herethe 
output of the inverter 13 serves as "H" level from "L"the output data of the 
counter 52 in this timing is incorporated into the latch circuitry 15and the data of 
this latch circuitry 15 turns into quantization data. The above operation is 
equivalent to having quantized output-pulse-width tw of PS2 shown by drawing 
2and the data produced by doing in this way turns into data proportional to a 
luminosity. 

[0024]Although the example shown in above-mentioned drawing 1 and drawing 3 
showed what used the inverter as a threshold detector circuitthe threshold 
detector circuit may not be an inverter or may use the large differential amplifier 
of a gain like an operational amplifier. The example of composition which used 
the operational amplifier 21 as a threshold detector circuit is shown in drawing 5 . 
Portions other than this threshold detector circuit can use what was shown in 
drawing 3 and the completely same thing. As shown in drawing 5 the operational 
amplifier 21 connects + side input to reference voltage source V re fand forms the 
switching element 14 between - side input and an output. When the switching 
element 14 is turned on by having such compositionit operates as a voltage 
follower and output voltage serves as V re f+VoFF. Voff is offset voltage here. 
When the switching element 14 is turned offit becomes comparator operation by 



making V re f+VoFF into a threshold. Thereforeas for the output voltage and 
threshold voltage at the time of reseteven if offset voltage Voff existssince it is 
equalthe same operation as an inverter is performed. 
[0025]Nextthe example of composition which simplified further the threshold 
detector circuit of composition of having been shown in drawing 5 is shown in 
drawing 6 . This example of composition deletes the capacitative element 12 and 
reference voltage source V re f from the example of composition shown in drawing 
5and is considering them as the composition which carried out direct continuation 
of the output voltage Vo of the variable voltage generation circuit 51 to + side 
input of the operational amplifier 21 . In this compositionunlike having been shown 
in the timing chart of drawing 2 and drawing 4 output voltage Vo of the variable 
voltage generation circuit 51 must increase to an AID conversion operation 
period with time. The timing chart corresponding to drawing 2 is shown in 
drawing 7 . A different point from the timing chart shown in drawing 2 is carrying 
out the motion accompanying pixel output voltage Vs in voltage Vn to inclination 
of variable output voltage Vo being a right side during the AID conversion 
operation period (T2). 

During an A/D conversion operation periodalthough voltage Vn is fixed 
voltageSince threshold voltage Vth goes up in connection with variable output 
voltage Vooutput PS serves as an output equivalent to output PS1 of drawing 2 or 
output PS of drawing 4 at the point which an inverter output reverses when this 
threshold voltage Vth becomes Vn. 

[0026]ln drawing 7 although output PS is unfixed in reset operation period ToThis 
becomes settled by offset voltage Voff of the initial voltage of variable output 
voltage Voand the operational amplifier 21 If initial voltage of variable output 
voltage Vo is made into V1 and offset voltage of the operational amplifier 21 is 
made into VoFFwhen Vi+Voff is lower than the threshold voltage of the inverter of 
the next step of the operational amplifier 21 it will be set to the "L" leveland it will 
be set to "H" level when high. As explained abovethe same operation as the 



example shown in drawing 1 and drawing 3 is possible by constituting a 
threshold detector circuitas shown in drawing 6 and giving impressed 
electromotive force as shown in drawing 7 . 

[0027]Nextthe example of composition of the variable voltage generation circuit 
used in each above-mentioned example is explained based on drawing 8 . In 
drawing 8 the power supply which 30 gives initial-voltage Vithe nMOS transistor 
for which 31 uses a capacitative element and 32 as a switching elementand 33 
are a current source and an operational amplifier which uses 34 as a buffer. 
Supposing the ON resistance of the nMOS transistor 32 is small enough and the 
offset voltage of the operational amplifier 34 is small enoughvoltage Vi will be 
outputted as variable output voltage Vo at the time of a phisT(phisH) ="H" level. In 
drawing 2 and 4 and 7reset operation period To and integral action period Ti are 
in this state. From the time of phi S T (phisH) being set to ""L" level from H"+ side 
input voltage of the operational amplifier 34 begins to decrease by fixed 
inclination. With the current value and the capacity value 31 of the current source 
33this inclination can be set up arbitrarily. What is necessary is just to carry out 
direction of the current of the current source 33 reverselyin order to make 
inclination into the positive direction instead of a negative direction. In drawing 
2and 4 and 7A/D conversion operation period T2 corresponds to this state. 
Thusby using the composition shown in drawing 8 the variable voltage generation 
circuit where inclination is constant and changes to time is realizable. 
[0028]ln each above-mentioned examplealthough each signal hold level at the 
time of the end of an integral action period (T1) was not explainedlf a clock 
frequency is constant and inclination of variable output voltage Vo is 
constantreset time must be adjusted so that the signal hold level of the amplified 
type photoelectric conversion pixel at the time of the end of integration may 
become fixed. 

[0029]Howeverwhen it is easy to perform control of reset time and its 
photographic subject is darkin order that reset time may be [ it ] shorter for the 
direction which enlarged the signal level when a photographic subject was bright 



to make a signal level small and it may endthere is a conflicting requirement that 
speedup of a system is measured. 

[0030]Theneven if signal hold levels differif latch circuitry is 8 bitsaccording to a 
signal hold levela means to adjust the range of an A/D conversion is explained so 
that the quantized value of 8-bit accuracy may be given. In order to realize 
thisthe monitor means which detects the last holding voltage of an amplified type 
pixeland the adjustment device which adjusts A/D range according to the 
disregard level are needed. Nexttwo examples of the adjustment device of 
oneand A/D range are described for the example of a monitor means. 
[0031]The example of a monitor means is first shown in drawing 9 . In drawing 
910 is what simplified and showed the amplified type pixeland has actually the 
same composition as the amplified type pixel shown in drawing 1 or drawing 3 . 
The capacitative elements 11 and 12the inverter 13 for threshold detectionand 
the switching element 14 are the things of the same composition as the above- 
mentioned exampleand two or more these are arranged and are constituted by 
array form. As a monitor meansconnect the gate of the nMOS transistor 40 which 
operates as a source followerrespectivelyand use the drain as a power supply 
and sauce is made the output of each amplified type pixel 10 [ all the / pixel ]The 
DEPURESHON type nMOS transistor 41 which operates as load is connected to 
that source line 49 connected in commonand the voltage corresponding to the 
maximum output of the amplified type pixel 10 appears in this source line 49. 
This source line 49 is connected to one input of the comparator groups 4243and 
44 which detect source line voltage. The input of another side of this comparator 
group is connected to reference voltage source V re fi differentrespectivelyV re f2and 

V re f3- 

With the output of this comparator groupit is judged whether the voltage of the 
source line 49 is contained in which range. 

Print-out Ci of these comparator groups 4243and 44C2and C3 are received in the 
A/D control circuit 45and control signal phicn of the clock generation circuit 53 or 
the variable voltage generation circuit 51 and phict2 are outputted. 



[0032]The monitor means of such composition can detect the maximum of the 
output in the pixel array at the time of the end of an integral actionand control of 
the clock generation circuit 53 or the variable voltage generation circuit 51 is 
possible according to the level. Although the above-mentioned example showed 
what below V re fi was made to detect four ranges more than V re f3 between V re f2 - 
Vref3 between V re n - V re f2 as for as a voltage range using three comparatorsBy 
increasing the number of comparatorsit is possible to divide a voltage range still 
more finely. 

[0033]Nextthe example of the adjustment device which adjusts A/D range with a 
monitor means is described. The 1st means is a method controlled by the cycle 
of a clock. The timing chart showing the control mode which changes a clock 
period to 8-bit latch circuitry according to each leveland switches A/D range to it 
is shown in drawing 10. By the judgment of the comparator in the monitor means 
shown in drawing 9 drawing 10 shows the clock period corresponding to each 
which was divided into four ranges. Usuallywhen dividing into four voltage 
rangesit is efficient for the maximum to consider it as the saturation level of a 
sensorand to divide with 1/21/4and 1/8 in order to a saturation level. The 
reference voltage of the comparator corresponding to this 1/2 level V re f3The 
reference voltage of the comparator corresponding to V re f2 and 1/8 level for the 
reference voltage of the comparator corresponding to 1/4 level VrenSet 
uprespectivelyand when comparator output CiC2and C3 are "H" levels (i.e.when 
a sensor output is 1/8 or less level of saturation)Generate a clock with the cycle 
of phicK** in drawing 10and on a comparator output Ci= "L" level at the time of a 
C 2 =C3="H" level. Similarly with the cycle of phicK**on a comparator output 
Ci=C 2 = "L" levelat the time of a C 3 ="H" level. Similarly in the cycle of phi C K**a 
clock is generated with the cycle of phicK** at the time of a comparator output C1- 
C 3 = "L" level. 

[0034]Therebya saturation level to the level of 1/the 8 of a sensor can change the 
input voltage range of 8 bit A / D range equivalent. Thereforeby even a saturation 
level's using itwhen a photographic subject is brightand using the range of 1/the 



8when darkwhen brightit is easy to perform integral controland when 
darkshortening of reset time is measured. 

[0035]Although the example shown in drawing 10 is a method to which the cycle 
of a clock is changed into and A/D range is changedthe same effect is acquired 
also by changing inclination of output voltage Vo of the variable voltage 
generation circuit 51. Drawing 1 1 is a timing chart for explanation of the example 
which changes inclination of output voltage Vo of the variable voltage generation 
circuit 51 and changes A/D range. In phb<** in drawing 10 - phicK**in drawing 
1 1** given to the timing chart of output voltage Vo - ** correspondrespectively. In 
** of drawing 1 1 - **if inclination of ** is set to 1** is set to one hair* is set to one 
fourth** has become one eighthand the voltage increment from initial voltage has 
become 1:1/2:1/4:1/8. Since clock phb< always serves as a constant period8 
bitsi.e.a clock numberare 256. Variable output voltage Vo which changes while 
counting is 1:1/2:1/4:1/8. 

It is equal to even the level of 1/the 8 having changed the input voltage range of 
8 bit A / D range from the saturation level equivalent. 
Thuseven if it changes inclination of the output voltage of a variable voltage 
generation circuitit is possible to change the holding voltage at the time of the 
end of integration of a pixel. 

[0036]Nextthe example of circuitry for changing inclination of output voltage Vo of 
a variable voltage generation circuit is shown in drawing 12. This example of 
composition is a thing of composition of having added the current sources 
3536and 37 and the switching elements 6162and 63 to the variable voltage 
generation circuit shown in drawing 8 By the change of the switching elements 
61-63the value of the current I shown in a figure is changedand inclination of 
output voltage Vo is changed. And the ratio of the current value of the current 
sources 333536and 37When [ at which it is made into 1:1:2:4 ] the switching 
elements 6162and 63 are all set to OFF by thislf it becomes inclination of 1** [ of 
drawing 11 ]i.e./8 leveland the switching element 61 is set to 62 and ON and 63 
are set to OFF** That isif inclination of 1/4 level and the switching elements 61 



and 62 are set to ON and 63 are set to OFFinclination of 1**i.e./2 level and the 
inclination which is **i.e.a saturation levelwhen all the switching elements 61-63 
are set to ON further again are realizable. 

[0037]The circuit diagram at the time of realizing the current source and 
switching element of the example of circuitry shown in drawing 12 by a MOS 
transistor is shown in drawing 13. In drawing 13the nMOS transistors 71-75 
serve as a current source which took the composition of the current mirrorand the 
current ratio by the nMOS transistors 72-75. it is set to 1:1:2:4 - as - the gate 
width of a nMOS transistor to gate length's ratio - W/L is set to 1:1:2:4 in each 
nMOS transistors 72-75. Although current value lo of the nMOS transistor 71 is 
defined by the resistance 70this may use a reference current source. The pair 76 
of the switching transistor which either turns on79; 7780; 78and 81 are 
connected to the nMOS transistors 7374and 75. 

The current value which flows into the capacitative element 31 by these switching 
transistors is controlled. 

By using the circuit constituted in this wayinclination of variable output voltage Vo 
is changeable. 

[0038]ln each example described abovealthough he wanted to explain nothing 
about the influence of dark currentlf this offset ingredient becomes large since a 
dark current component is contained in a quantized signal as an offset part when 
picturizing the dark photographic subject which cannot disregard dark current 
compared with photoelectric currentthe bit accuracy of the signal quantized will 
worsen. For examplewhen photoelectric current and dark current are equivalent 
levelseven if it carries out an A/D conversion at 8 bitsa signal component is 
obtained only the accuracy of 7 bits or less. If photoelectric current is one third of 
the levels of dark currentonly the accuracy of 6 bits or less will be obtained. 
[0039]Thenthe example provided with a means to remove the influence of this 
dark current component next is shown in drawing 14. This example is what 
applied the dark current component elimination means to the example shown in 
drawing 3 and each amplified type photoelectric conversion pixel 10 is simplified 



and shown. A different point from the example shown in drawing 3 t he pulse 
which puts the counter 52 and the clock generation circuit 53 into operation in the 
example shown in drawing 3 . Having used pulse phisT of the fluctuation start of 
the variable voltage generation circuit 51 in common in this example. When the 
light shielding picture element 90 is formed and output PS D of the inverter 13 for 
threshold detection of this light shielding picture element 90 is reversedlt is the 
point constituted so that the counter 52 and the clock generation circuit 53 might 
be started and pulse phi D might be sent out via 2 input NAND circuit 91 by which 
the inversion signal of pulse phisT was given to one input through the inverter 92. 
Other composition is the same as that of the example of drawing 3 . 
[0040]Drawing 15 is a timing chart for explaining operation of the method shown 
in drawing 14. The light shielding picture element output and the usual light- 
receiving pixel output into which light enters are shown in Vs and Vn. Start up of 
the clock generation circuit 53 and the counter 52 is not falling of pulse phisiand 
it has started in falling of newly added pulse phiD so that it may turn out that it 
compares with the timing chart shown in drawing 4 . Falling of this pulse phiD is 
timing which the inverter output of a light shielding picture element cell 
reversesand the time width from falling of pulse phisT to falling of pulse phiD turns 
into time width corresponding to a dark current component. Thereforeit is equal 
to removing the offset ingredient by the dark current included in the output of 
each pixel to delay start up of a part for this timethe clock generation circuit 
53and the counter 52. 

[0041]Thusthe quantized signal which carried out the AID conversion only of the 
lightwave signal ingredient in which a dark current component is not contained is 
acquired by providing a light shielding picture element and giving the quantized 
signal corresponding to time width until the output of the threshold detector circuit 
of each usual light-receiving pixel is reversed from the time which the output of 
the threshold detector circuit of a light shielding picture element reversed. 
[0042]Although each above-mentioned example showed what used AMI as an 
amplified type photoelectric conversion pixelif it is an amplified type photoelectric 



conversion pixel which can hold the output voltage at the time of the end of 
integrationthis invention is applicable also to the thing using the thing of what 
kind of form. 
[0043] 

[Effect of the lnvention]As it explained based on the example aboveaccording to 
this inventionthe quantized signal which is proportional to light with the clock of 
periodic regularity is acquiredand the quantized signal of high S/N which fixes 
reset time of each pixel and does not have dark current component dispersion 
can be acquired. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a lineblock diagram showing the important section of the 
fundamental example of the signal conversion equipment of the optical sensor 
array concerning this invention. 

[Drawing 2] lt is a timing chart for explaining operation of the fundamental 
example shown in drawing 1 . 

[Drawing 3] It is a circuitry figure showing the concrete example of this invention. 
[Drawing 4] lt is a timing chart for explaining operation of the example shown in 
drawing 3 . 

[Drawing 5] lt is a figure showing other examples of composition of a threshold 
detector circuit. 

[Drawing 6] lt is a figure showing the example of composition of further others of a 
threshold detector circuit. 

[Drawing 7] lt is a timing chart for explaining operation of the threshold detector 
circuit shown in drawing 6 . 

[Drawing 8] lt is a figure showing the example of composition of a variable voltage 
generation circuit. 



[Drawing 9] lt is a figure showing the example of composition of the monitor 
means which detects the last holding voltage of an amplified type pixel. 
[Drawing 10]lt is a timing chart for explaining the adjustment device of AID range. 
[Drawing 1 1]lt is a timing chart for explaining other adjustment devices of A/D 
range. 

[Drawing 12]lt is a figure showing the example of circuitry for changing inclination 
of the output voltage of a variable voltage generation circuit. 
[Drawing 13]lt is the circuitry figure which materialized the example of circuitry 
shown in drawing 12. 

[Drawing 14]lt is a circuitry figure showing the example which enabled it to 
remove a dark current component. 

[Drawing 15]lt is a timing chart for explaining operation of the example shown in 
drawing 14. 

[Drawing 16]lt is a figure showing the example of composition of the digital 
disposal circuit of the conventional optical sensor array. 
[Drawing 17]lt is a timing chart for explaining operation of the example of 
composition shown in drawing 16. 

[Drawing 18]lt is a figure showing change of the output voltage to the reset time 
of the pixel from which a luminosity differs. 
[Description of Notations] 

1 Photo-diode 

2 Amplifier 

3 Parasitic capacitance 

4 The nMOS switching element for reset 

5 The pMOS transistor for active loads 

6 nMOS switching element 

7 Hold capacity 

89 pMOS transistors 

10 Amplified type photoelectric conversion pixel 

1 1 and 12 Capacitative element 



13 The inverter for threshold detection 

14 Switching element 

15 Latch circuitry 

16 NOR circuit 

51 Variable voltage generation circuit 

52 Counter 

53 Clock generation circuit 
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a»^7B$©ttE*Siiig#«JtLfc«fil 

t\ pjaaE»*iai!s©ai*«ig 1 ©be#sbbmi;: 
mnxttaw***, *©B*ifrSBB»ajBB©iH7jtf 
KBT«*?©iOTfc»j&**«?ft:fl»*B£*"*. 

C*Uc«J:»A *B»©«#BBtt-Br*i*lc» £B 
*©Rl««E«SSHW)ffl*** 1 ©BEfrSBBftfc 
JWnXtt»'J>S** *©BWJfr6H«*ffligBM>ai*ltf 

siet**?©bbb, ««»7e<ofiat**ife«EK 

ttflOT J3Sfl-£©* □ v * T*A h L*74b 
Lfc£$s *©rabBB3fc»l«:Jt«Lfc*fcJB:*. 

VS =VR + Ip • tint /C t 



[00 13] 

[Sttfl] swcbbbic-^tkbt*. h i b, *» 

01(cft£ftt; U -<©ffi*HHfc8B©a*a9*SSfl 
©±B»©BJ8**T0B*fiBHTS*. BfcfetT, 
10tta»^7«©SE*«JfT*«MSl!«S^SSliS© 

«Bfli*8*u ii*7th^t-K 3bbbbb© 

1 o?7 * h 94 1- h'OKtt. 4 B 'J -fe y h Bft 
fcfjdfcA&W'J-fe'y h't/UZw Trab&hSnMOS 
X-T »f>f«f, 6 BB»B7IS©«E*«I«-Sfc 
toO-yyfllfr-H K/t/l/*<psHTEt!>**l* n MO s 
7,>f-y3 1 >-?'* : ?. 7B*-;UK8». 2ttltWRT"P 
S5o *LT*WH3fcBB»B*io©ffl7jttS»*?ii 
*b«ic^u B«i*aii^i:LT»fw-*'r^-* 

1 3© A7D fc&mZ C ©* >/ t- * 13© A*7D NIC 
tt. U-tey h/^UAcpR TSBUl^tiSA'rvf-V^^F 
14#&$Sc3-txTl^o $fcC©-<:>/S-$M3©A7Dl«: 
B, Rra«E5640ttS1©tt*tf»«t?12*^LT« 
BStlTV*. -TV/t-r ?13©aJ7DB> 2A*)NORI=] 
B16©-«©AA(C£M$*U NOR 0SSl6©f6^©A 

[0 0 14] *lcHl fc^LfcB^fcBttfl©*/- 
K(C£lt*«EVs . Vo . Vh . PS1, PS2©£ 
{b*a5-rH2lc«^T»f3»H*ff3. £*©1ME 
B* 'J-fe-y hftft OHWTo ) , «»lfcft (81F<a 
T1 ) . A/D£8>ISft (SHP^T 2 ) ©3iJjmc»lt6 
ft*, 'J-fe-y HMWB'J-fey h/OUX^u = "H" u 
"(Jk &tf+t>7°;U*-/UKM°JUX<psH= "H" U^;U 
T'ff?. C©i$©iSIRas^Vs B7* htf-r*-K1 
©U-b'yhVEVR' icWtSLfcSEt&'Jx ^©SE 

*vr .tr^o *fc?raE«E«40B5i©ai*ivo ©s 

E^Vi tt5„ Sfc-f>/«-5H3©Bfl«E*VTHt 
t5<i:. ABlAn»A'fy7>^R?147»ML^^ 

*©AtH*riEE»VTH<!:ft*. LlttfvTV^vb 
Kif^ffiKTo ©*/-K©«Ett«a (D ©*5ic* 
5. 

Vs =Vr 
Vo =Vi 

VN =v T h (D 

[0015] 1kttWm®7-\ T'lts 'J-b-y \~Jiilx<p 
r (* "H" 6 N 5 "L" U^/l/tSy, «»IMWM5t)ti 
5„ 7*h^'f*-K**M3©8MCd» t)->7 
J|/*-jUKM7©SM*Csh£LT, C t =Cd + 
CsHt-TSo ififi^?2©mEliitS$5-1 <b-T^i:> B 
SidttlVs Bs Ip • tint /Ct ?±BT*. CCT- 

I p BJI6B31 t int IMUMHBTB*. SfcSft^? 
11©S»fil*Ci , 8BB?12©BBB«C2 
t, a»ttm«HTi tcfi»***y-KBEB3fca 

(2) i:S5„ 



(5) 
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VO =V1 

VN =VTH+ <C1 / (C1 +C2 ) } 



{ lp • t int /C t } 



(2) 



[0 0 16] -SBB«#Lfc», <PSH* "H" #5 
BEVs <PSH# "H" fr5 "L" U"OHcB*>ofc 

[0 0 17] k/DwmammJi ka*« 

COA/D^giiiimis H2te5vr«fc5i;u 

3t«E^-3fcRB6«E«SiaB51O«EV0 BIHHC 

MLTBBWich* < lt^$, >/^-*i3©aj*tf 

V S =V R + lp • tint /Ct 
Vo =Vi - kv ' t 
VN =VTH+ [C1 / (C1 +C2 ) } ' 
- {C 2 / (C1 +C2 ) } • kv 



it. <PSH# "H" frS "L" U^U4ft*i» MIB^SUtC 

«ffifcW*-kv (V/sec) tUKtX^lfe 
B$&|fr6BiBLfcB5H£ t £/- KOBEB 

«S (3) £&*o 



{IP 
• t 



• t int /C t } 



(3) 



[00 1 8] £<DSt (3) «fc'J, R]XVE«£lslB51(0 
{Ct / (C1 +C2 ) } • 



{IP 



- {C2 / (Ci +C 2 ) } • ky 



tint /C t } 
• tw =0 



(4) 



tw = <Ci / (C2 • kv ) } 
[00 1 9] ±IB (4) iCfrSfcA^J:?^ tint . 
C t . kv . Ci . C2 te£Wm®— T'SSAS- tw 
tilp izltff. tfcfc-etw ttB**tcJtOT*. Lfc 
ib^T. i!<DM°/U74i tw £fcO/\>7.fcti7JPS2£, 
P y * T'l illZQsZtiitiiTZ Z\t\z&)% 

[0 0 2 0] A/Dg&SlT^lslBfc^fcMttM 

myemmtiiwmwt lt. vyy>\>*-)\> kbb**t 

SV-^ffitMJAMI (Amplified MOS Imager) £ffll/> 
fct©?. C©B»10tt> 7* h^-r*- K1 £\ B£ 
ffltDnMOS h5Vv r 7.$2£«la.Tfctl s Z.<DnMO 
S h5>->"X^2BV-^^jSifiU y-h-^ttBUIB7 
* Kl ©-«tf*R**U K U-rvicttBB 

gl??r <!: LTtbfFt* p M 0 S h 5 >v'7. 2 5 WBMi 

tu v-xBtsswMBBtft-aT^*. *ltmib« 

ififflnMOS r-^Vv^-S^coy-h • KU-T VIBKB 
51§ft3<!:U-fe-y hfflnMOS K5>v-'X^4 5:g^L 
T33»J. C©[H]Btt7*h^*-K1T^Lfcl?t 
SBSBB 3 izwm U *<DWMZ K U-T >SE<D£<b 
tLTaj^Jf^tWTfeS, JKDAM I ©S^IfiElC, 
ti*ifflnMOS h5>v>'X£20KU'l'>fiE£tr>y 
/U#-/l/ Hf* n MO S y 9y<fm^6RXf^-iv 

(DpMOS[-^yi/X'Si8tmW]n^tLTWl< pMO 

So 



{lp - tint /C t } 



(4) 



[002 1] C<W>7>*-;U Ktt£«*i?3Jt«§! 
^m^B^IOlC^LT. AaWjHfcX'f 
14*SBLfcBffl*tHBB£ LT!Mrr£<f >/\'-*13 
*!S«\ ?-(DA73iti*iS7 l 6«^}SliSlOOtlJ7]©F^lc 
il^JtcgS^II^SISILTL^o *.TcZ<Myrt-* 
13®AAfc& §a^?12^^LTpr^SE^0B51 
<Dtii7Dft\ JMg%B^flXl04>aift&tt9Jl;:affl;!r 
*l7V*o *LT\ CO-TV/*-* 13©ffl*l*Btt» -f* 

*?55^0Bi5*WS;riTi^<, huIB*9>^52 
?5££|S]g853frSfg£ L/c? P "J 0 7 
Vh-r^i^lcSoTt^o *LTMIBiIXlO, §«SS 

?ii. 12. mm&mm'fyjt— s»i3, x^yf-v^x? 
^a^-y^isiBistt, isxa#iattsft> rixbeb 

±Is]B510ai73StfA9V'?52(Dai73(i, SilXlottL 

[0 0 2 2] ^(C. C0£3lCttJ8$tlfc£ft0y®l)ft 
04(0^^ = >^ + -r-lcS^Titt^-r5„ C 
©HffiflJcDIM^ E11 lc^LfcS*W*HJSeiJt^< 
PJ«Hc, U-tr-y httfPWF^To . Wimmmiy . A 
/D»MMWBMT2 fc#ttS*l*. ^-UTA/DSjlS 

;bK/\°il/X<psH* x "H" 6^5 "L" U^Uiftofc^jS 
#6 A/ D S8IK)^t5 <fc => \,Zts. r>TV>%Q>\Z% L, 
*HS6fi"JT-tt. A/DSJftH&^'T S >-7"=&^465/\°;b 
XcpsT^iSI^ /\VU7.<pST* s "H" A x 6 "L" 

s o teBjatcs a/ d s«B#fl«B*s* n-s <fc => k# o 



(6) 
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\t. H2ieiRLfciMM:£<niu?**. 
[oo2 3] Lhft-DZ. cz.TitT'j^iimmzmtk 

•a t>oy9S2(Dthti\twmmi)^mtiTi^ a/ 

D%m)ttm$T2 fcfct N T, /\°yUX<psT^ "H" *6 

vo &&Tzm%itzt\*imz. 

tf&S'A Ji»M£a?P-y?<PCK*WEU *a>"7P 

BS5"JT\ -0/\*—5M3<7)a};mct "L" frS "H" b^/b 
5-yf-ls]Kl5lcl5jyji^ Z-^v^^mWT— 9& 

mutT-ttteo &±<DW)mt. la 2 Tv^Lfc ps 

[0024] ±120 1 StfE 3 ICS* LfcHSSfiiJT-li, Ps§ 

u -mxiJtiiitxDmzZ'fvi-y'rmwzmi 

?14^0NL/ci:$tt, SE^P^LTiftfEU tiJ 
7DWE(iV re f +V0FF CCT'VoFF tt^7-tr 

HET£3o STcXf-y^V^ifi^fcOF F Ltz 
tZlt. Vref +V0FF *mmt LT3>M°U-*ftfE 
.h&So LfcA^Tx 'J -try hBtcotbrtlEtEBfiiSE 
tt, *7-tr>v HEVofF A^fcLTfcHLWi:^ 

yi tmm%®ttft?it>nZo 

[0025] m 5 Um Ltz®tfL<D®m&iii®&* 

5 l:f-Lf:WJfr6SiSf12illiEiSV re f * 
MRU 5I^E^4lH]l»51©aj^mEVo 

51(Daj^lEVo EI2&U : ia4©*-f'S>^i'- 

1\ 02 K^Lfc*^ 5 V^^-h a 
/DfflMMHBH (T 2 ) *fi, Pl^aj^lEVo (Dm 



v N tt-^iET'S^*\ BHffittEvmtfpiaajasE 
tin 2 oaj^i p s i xtiEi 4 ©as*) p s i^oai^ i 

£3o 

[0 0 2 6] &£0 7tc33l>T, «J-t-y HWHUIBTo 

JiME-Vo <DmmmKtt^Tyy2wty-b'y he 

VOFF K<fcoT££»A RlSaj73aEVo 0«J8iaE£ 

vi tL^yyy2mty-by he^voff 
vi +voff tfx^Ty^oxmo-ty/t-zn 

6 tc^-r j: 5 izma, u ei 7 tc^-r «t 5 ftariott 

E£5*.*£<hfcJ:»A 0 1 RZf^3lZ7jiLtznmmt 
[0 0 2 7] :^tc> ±ie&HSfcfllT*ffl^;5pIgnE&£ 

t, 3o««]^aEVi s4a*«jb. mmmm?. 32 
33itii3iESu Min^yyr tLzm^t^yyy 

T«5o n MO S h 7>v*'^^32O0 NSffit<H-»'h* 
<. *^7VO34(0*7-by hmE6^+»lC'J^^i:-r 
<PST (<PSH) = "H" L/^yUCOittt, 51^*73 
mEV 0 LT^EVi tfttiTD;*-*^ E12, 4. 71C 

1 tt. C©««T^So <PST (<PSH) & "H" 
*L" ^;WC&^fcP&£frS> ^^V^O+fflOA 

j®33<0l3itfil<!:§afiS3ilcJ:yx EitfciSST^So * 

3305B-3S0)|pl^*5»lC-rtHfJ:t\ 02. 4, 7Kfc 

5„ d<D<t5lcE18lc^-r*S^ffl^5c:i:tcJ:y, B# 

ST^So 

[0 0 2 8] ±i3SHBSffJlcj5^Tti, mttW)ttm?$ 
(Ti ) JI7Be<DS{t*«^b^HCO^TiftBfl^?7lD 

[0 0 2 9] LfrLfctfS. »3f##W*L^tts « 

[0 0 3 0] fi^JtU^U^SSoTt, "7 



(7) 
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6*1** -PIC fl^SftU^l/fc^fctfT, A/D&& 

mmmz i a/ d u>i/<DPS#©©nffifiij^ 2 o 
[oo3i] ^^-■9-^<r>mm\^M9\z7nt. 

m 9 fcfc^7\ 10tt*ffiSBii!S*lBI«fb L/ctO 
T\ 01XttlSl3tc^Lrcii*i§ail^<t:lll« 

oflu&efcotoT&s. *fc§»s?ii. 12, bms 

«tBWI©lWM«»0?»y» CtiSttlMKflHBWtfti 

4MfiinRlOOttlA(c« V-T^PT'tLTWrr* 
n M O S h 5 VS>X*40©$*- h £*tl-Ftl£^ U * 

*ffllc««;!r*ifcv-Z5-r>49U:ttlM5 £ LTlbft-f 
577l/i/a>S©nMOS K^VS/^^ltfJgiii;*- 

tu c<DV-X5f >49ic(itiit@Sli^io©g^aj^lc 
mrs^E#gmaJ:5U:%?T^3o $fc* C©V 

-^7-<v49ii, y-7.5-<>aE^sitij-r*=]>/\ 0 Lx 

-*842. 43, 44<0-^<DA^US^*tlTl^o CO 

^yn\y-^momi5(Dxnt. *ti**u*a*sawi 

EjgV re f1. V re f2- V re f3J=J«K*tlTey, 

>/ < L> - * «M>lMJ lc J: »J » V49(&»Etf <!: 

{¥42, 43, 44©aj73lta3Cl , C2 , C3 £A/Dfc|ffl) 
B!&45TgW\ * P y *58£0B53XI*™iEfS£B 
ffi51W»Jffllfi^<pai . <PCT2 *#>ti?Z>o 

[0032] coj:5^Eeo : E-'S'-#istc«ty. a 
Kmftm^<mm7\;'(Ki3\,iz>\&i)<om.±m.*&& 

53Xtt^«Ef^0tt51^iltfpJI&T**. ±I3H 
*«7tt. P>/W—?£3fIffll\ lESHiLT 
tt, VreflJXT. V r ef1~Vref2®n. V re f2~V r ef3 
<0rS. V re f3J-Xi:<D4^toeH<D^ai^75<fc5lcLfc 

[0 0 3 3] %|C€=9-#g|<:J:UA/DU;'i'$H 

*a y*i»T*j&*w&*. ® 

9 ics Lfc t = * jbk£i* * a yi \ a u— st ow^ic 

<fc»J, 4-p©SH^t5nfc ; E-tl-?tl^fSLfc'?P 
tE**LT«!:i/2, 1/4. 1/8t»lt*©fl%» 



*®E£V re f3* 1 /4 U^W£»i6r*aV/<U-* 
©S$lE£Vref2* 1 /8 U^btCj*Jt£;-r^=l>/\*U 

-^©s*mE5v re ni:, *n?*i«su p>/\°u 

— ?*73C1 , C 2 , C 3 *\ "H" Is^lUDtZ, t 

-fevyttiTDtfiafn© 1 /8 U^/HXT©^ 
I** EI10*(D(pcK < 3)©iiWC : '5'P , >'?^£^ P> 
/W— S?aj^jCi = "L" =C3 = "H" 

U"<jI/0)££& <pcK©©Ji^T\ HUOV/tU— 5» 
ti}*jCi =C2 = "L* U^;U7C3 = "H" U^KD 

~C3 = "L" U^;UOi:$tt. (pcK^OJifiaT^Py 

[0 0 3 4] CtUCty^ H{ffi6«Ilc8lf-y hA/DU> 
v><DA73fflEeH£*>?©f&ffll^l>#6, 
8©U^;U3:Tg*3E£tfT*3o L/c6^T»¥ft 

1 /ZOiiyy'J^mt^CtKH-oT. WZVtZlt 
[0 0 3 5] iMOKSL/cftSgflJtt* fP7^©a^ 

g*TA/DU>-;/££{b£-e£;&sr££6\ rTSIS 
EfS£Is]8851<Z>ai2)tEVo fl)<l$5^5u«!:lc«fe-3 
Tt. H«fta*^5tl*. H11l*RRS«E584iaB 
SKDta^SEVo <Dl«$*S^TA/DU>->"$^* 

nmm®mm<orctt><D$'( sv^ft- h?ss. 011 

tim?5„ EH1<D©~€)tcfc^T. l<hr 
5<tx ®tt1/2, ©«1/4. ©«1/8tSoT*5 
»Jv «JJfflmE^SOSElillP»tt. 1:1/2:1/ 
4 : 1/8t&9ll^„ S/i:^P >^<pCKtt^^-^ 

256 aSVhT^K^fcTSRr^aiTJSEVo tt» 
1 : 1/2 : 1/4 : 1 /8 <t^-pTfey> ^flffiWlcs 
fcfy h A/D l^V^OA^lESH^fPU^UA^S^ 
©1/8<DU^U$7^b*-y:/c<7)lCllLL\ C<7)ct:5 
(CpiaaE^IalKOtlj^lEWll^^S^T^x SIR 

[0 0 3 6] :*K5JSffiEfS£0S&<Dtii*)»EVo ©<i 
t 5 fc46<3BK*gfi£0J£H12KS-f , C ©«tfiEffll 
li, E8K,TxL/cRl£SE3S£[e]S&K, «3KS35. 36, 
37<t. X-<<y^>^?61, 62, 63£iE»0 L-fcfilfiE©*, 
«7)T\ X-<>y^>y^?61~63(Dia]y»^.l::<fcy, UK 

sr«an i ©fi^^s., aj^iEvo *^««fc 

•SlCLfct^TS^o -?"LTx S3it»33. 35, 36, 37<D 
ISftfilflJibtt, 1:1:2: 4£LTa3<, ctuciy 
^•y^V^W. 62, 63%^gPOFF<!:L/c<l:* 

its mioxs>T%t>t i/8u^yu©ffl*<kftys ^-r 



(8) 
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7f>^?61?ON, 62, 63£OF F tTZt. ®t 
&fe-51/4L^U©<$*, *fc*-fy*V$«W. 
62£ON, 63£OFF ©ffcibS 1 /2 

[0 0 3 7] 012lc,TvLf;:l2]8&tlJ5£flJ©, fiaftjB&tf* 
-f7f^ff«MOS h5>v>X*T'ltSIL7ci§£© 
@&0£013lC;fx"to 013K£l^T, nMOSh7>>>' 
*$7l~75«* U> h 5 5 -©$$«•<!: iTzWymtti 
9T$'J, *©B3iftbttnMOS h5>v > '7,*72~75lC 
«fc 1:1:2: 4 ICS 3.1:5k, nMOS K5>5* 
^©^-^^-^©JtW/L*, SnMOSh 
5>v > 'X-5'72~75lCJi^T1 : 1 : 2 : 4t?%„ *7c 
nMOS h7>5>X*7N0«3IHS I o ^ SJa70(cJ:o 

MOS h7>v > '7.^73. 74, 75lC»i, ^6iC-StfO 
N-r3X'T-y^>^h5Vv > X^©^776, 79; 77, 8 
0:78, 81tf«a*nTfct)> CtlSWX'T-y^V^h 
7 > v>7. * K. <fc U S«6?31 iCSRh* WM*I(!UW 

[0 0 3 8] JftLhJfi^feSWtWlCfe^Ttt* BW3(W) 

wiBH^Ttft^Bit^fMfiwi-r*^ swan 
*«©i;y m«<«i<**. flx.tf« xm&im 

*a»»7ey l-J^T©*fgL;!rt§6ft*l\ £(c%B 

aunmaio 1/30 u"Qme*. 6 h j.xt©*ss 
[0039] fcr, %(cc0B££j3#a>gB«ft£ 

3 K9Lfc*BfllcB*Xlt*Mlffi*K«aft L7c*>© 

El 3 iagt Lfc£ffi09£ ■h^yzsimfO a 

v *»£0B53*««W-*/M;i*» 0 3 K*L/=IIS& 
GlT'li, RiaiE^l2l»51©S«JBB^©/\°;U7x (pSTi 
fta[EL7V7fc©£, **W«Ttt, B3feB£90«B 

it, ia«iBiiBooiBfwajffl©-r>/«-*i3©a*ip 

S 0 tfEKLfcBjS?, -^©AJjlEf V/<-$92£iI 
LTmVU3.<p ST©5WI*>W* 6 nfc: 2 A2) N A N D 
EM91*rtLT» *'»*S2i:^ay^«4B»53»«i 

*©f6©WJ3M*B 3 ©Hffi«l£l5l«T*£S„ 
[0 0 4 0] 015tt, BWC^Lfc&SWMWKiKB*" 

ztctoot-fs. y9*+- vs , vn fcttjg 
#Iif}idi73<!:, 3tttfAJH*ft*a»©£JfcB*ttia£* 
St LT^*. H 4 ICS Lfc * -f 5 V + - h i ib®f 



©&Slff/WX<PST©iE5TffllT*&<, mrdcmu* 

Z * 4 5 >9TM U, 1 OUT. <psT©£5 Ttf U 
5/ \°/U7, <p D Ofi-BTtf y * TTOBBBtf WB»S#lE 
SMW*B*B«£**. LfctfoT, C©«IB», 
•y 756£@S&53£tf A 7 V* 52©&®]*iI6-e-* C £ 

[0 0 4 1] E0*3lcB3fcB«*»W\ jgitHSOffl 
fil^ail3»<oaj73^SeL7-c^JA^il«©*SilfiHS!l 
©BfMttiB»©HiatfEI*r**?©BB«lc»i&L 

tti^£flre£#©*« a / d mtk Litm.?iimmmz 
[0042] ±mnmm**£iiim%w.m&m 

mtLTAM I *J8l^fct>©*ij*Lfc*fc «5»S7I5© 
a:&Bffi&«fc?**J»SBB!£B£«B*fcStf» if© 
*9*]Bitofc©*lill*fc*©fc*tLTtK *9S«*a 

[004 3] 

[£&©&!«] «±*tt«9K»^TKW Lfc «fc 5 IE, 

¥itmmm$ti%txt£s *bb©«»bsb*-£ic 

[Hffi©ffi^SiftS^] 

[HI] *SM|[c«*3tt-feV1t7'U-r©ffll<MaMg«© 

[E2] 0HE^L7hS*««:iia5ffii©iiiff*siwrs 
fc 46© * -r = > 91- * - v T i ^ « o 

[03] *f?m©ftftWSHffi«'J^-risliS«fiE0Tife 

[04] B3(E^Ufc9Utffil©ttff«llt«-r9^tt©^ 

[05] flflftUBBOtt0MmMRrBTft«. 
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